Fibre off-axis misalignment in an unidirectional MMC results in initiating cracks at a low stress level. In this case, composite strength is close to ROM value only in a low vr, and the strength hardly increases with Vf when Vf is superior to a certain value.
Introduction
It is not easy for a block MMC reinforced by fine fibres to achieve a high strength by increasing fibre volume fraction (Vr), as shown by strength of C/AI composite (1). However, the wires of this class of composites (e.g.Nicalon SiC/AI preform wire) or block MMC reinforced by big diameter monofilaments (e.g.B/AI and W/Cu) can often achieve a high strength predicted by rule of mixture (ROM) even Vr is high (2, 3) . There are many factors influencing the strength of MMC: fiber alignment, technique parameters of fabricating MMC (e.g. temperature, pressure) and residual stress etc. However, the phenomenon above is difficultly explained by other factors, for instance, by chemical damage of fibers, because although fibres are damaged, and therefore the composite strength is degraded, according to ROM, it should still increase proportionally with Vr. To find the reason for this, the effect of fibre off-axis misalignment on composite strength was studied using Nicalon SiC/2024 Al alloy composite.
Experimental
Nicalon SiC/2024 Al alloy unidirectional composite plates with several different Vr were manufactured by pressure infiltrating under the same conditions.The fibres in the composites were manually aligned. Some wires of the same composite with 50% Vr were also fabricated under almost the same conditions, but the fibres were well aligned using a special instrument. In order to determine the real matrix strength, some unreinforced 2024 Al alloy plates were also manufactured by the same way as fabricating the composites. Both the composites and the unreinforced alloy plates in as fabricated were conducted tensile tests on dog-bone specimens with a length of 90 mm, using an Instron 115. that fiber off-axis misalignment angles obey normal distributions with the parameters of (0,16°) and (0,3°) respectively for the plates and wires.The measured strengths for Nicalon SiC/2024 Al alloy composite with several Vr are given in figure 3 , where curve (1) represents ROM value and corresponds to the strength of Nicalon SiC/2024 Al wire, and curve (3) gives strengths of the composite plates. Evidently,there is a significant difference between them.
ROM is true only in the condition that all the fibers in composite are arranged in the loading direction. Apparently, it can not be applied to the condition as shown in figure 2. However, it is difficult to precisely predict the composite strength in this case. The mutual influence among the fibres in different directions being neglected, approximately, the composite can be considered as an orthogonal anisotropic monoply plate because of a symmetrical distribution of fibre off-axis angles.When an orthogonal anisotropic monoply plate is loaded in the direction being at an angle eto fibers, for instance in direction x in Fig. 1 , the stress in the composite in the loading direction, (Jx . can be expressed as follows: (Jx=(Ut+U2 cos29+U3 cos49 )£X+(U4-U3 cos49 )Ey+(0.5U2sin29+U3 sin49)yxy
where Ut is the rigidity constants, Ex and Eyare strains respectively in and being perpendicular to the loading direction , "' {xy is shear strain. From the expression, it can be seen that each part in different off-axis angle has a different stress. Because the distribution of fibre off-axis angles is symmetrical about 0°,thus Ex>O, Ey<O and "' {xy =O,and therefore (Jx will decrease with a.In other words, the parts with a small e support more loads.The curve marked by (Jx in figure   4 . represents this tendency in a small angle range.
(JX! corresponding to a small load During a tensile test, the stress in composite will increase with loads, in other words, curve (Jx in figure 4 should be considered to move up with loads. When the two curves, Ox and Oe, are cross at a certain point, and the off-axis angle corresponding to the crossing point is 91, that means that the parts with an off-axis angle of 91 are damaged and some cracks are formed, If the crack lengths are small than the critical length, the specimen can still support loads, however, the composite rigidities change a little, so does the stress distribution. Loads being increased, the curve should continue to move up, at another point, the two curves are cross again, the off-axis angle corresponding to the crossing point is 92, and these parts are also damaged, if the situation is similar to that after the damage of the first part, the curve should still move up. In this way, step by step, the specimen will not be fractured till when the parts in offaxis angle Orare damaged. The average stress Oa at which the specimen fails is the measured strength. Obviously, Oa<X. A level line is drawn whose value equals to Oa, the line is cross with curve oe, the off-axis angle corresponding to the crossing point is defined as an equivalent angle Be, in other words, as viewed from strength, the composite with fiber off-axis misalignment angles ranging from -Bmax to +9max is considered as the composite whose all fibers make an angle of ge to the loading direction.
Because the assembly average of the off-axis angles in Nicalon SiC/2024 Al alloy composite plates is zero, therefore, it is reasonable to take the standard deviation as ge. 0 and 00 in equation (2) being replaced respectively by Oe and Oa. some values of Oa were calculated by the equation using ss of 16°and Y and S of 140MPa, the calculated strengths, i.e.cc are plotted also in figure 3 as shown by curve (2). Comparing curve (2) with curve (3) in figure 3 .we can see that although there is some difference between the measured and calculated strengths, which is probably caused by other factors influencing the strength, their tendencies of variation with Vf are the same, i.e. both are close to ROM strength in a low Vf, after Vf being superior to 0.3, the strengths given by the two curves do not remarkably variety with Vf. The similar situation exists for C/A! composite as shown in reference (1).
The diameters of both B and W filaments are much larger than those of both C and Nicalon SiC fibers (They are respectively 100--150,100--500,7 and 10 microns),therefore it is easy to well align the filaments when fabricating the composites. The filament misalignment in B/AI and W/Cu composites can be neglected. That is an important reason why their strengths can easily achieve ROM value, whether Vf is high or low.The longitudinal strength of W/Cu composite that we prepared achieved ROM values (2000MPa) until Vf of 0.7.That of BfAI composite with Vf of 0.5 also achieved 1300MPa (2) .For the same reason,the block composites with a high Vr fabricated using Nicalon SiC/AI or C/AI wire preforms with diameters from 0.3 to 0.6 rom achieved high strengths.n) And likewise, that Nicalon SiC/AI or C/AI wires with a high Vf achieved a high strength is mainly due to a good alignment of the fibres in them, such as an average fibre off-axis angle of 3°in Nicalon SiC/2024 wires.
Summary
In conclusion, effect of fiber off-axis misalignment on longitudinal strength of composite is large, particularly in the case of a high Vf.The strength degradation caused by fiber misalignment increases but is not a linear variation with Vf. If there is serious fibre off-axis misalignment in a composite, it is impossible to greatly increase its strength by increasing Vf.
